OBJECTIVES: Most studies of persistent post-surgical pain following thoracic surgery have focused on classic posterolateral thoracotomy in mixed surgical populations without systematic assessment of disease recurrence and other potential sources of pain. The purpose of this study was to examine patterns in the prevalence of persistent post-surgical pain following lung cancer surgery and to quantitatively assess the characteristics of persistent post-surgical pain and associated sensory changes.
INTRODUCTION
Postoperative pain is one of the most common complications following thoracotomy [1] . It is estimated that persistent pain after thoracic surgery constitutes a significant clinical problem in 25-60% of the patients; intercostal nerve damage is the most important pathogenic factor [2] . Persistent post-surgical pain following thoracic surgery remains poorly characterized. Previous studies have primarily focused on the classic posterolateral thoracotomy in mixed surgical populations using a variety of pain management protocols and without systematic assessment of disease recurrence and other potential sources of pain [2] . Only a few studies have investigated the potentially protective role of anterior thoracotomy and video-assisted thoracoscopic surgery (VATS) on the development of persistent post-surgical pain [2] [3] [4] . In addition, neuropathic pain characteristics and the possible association between intensity of persistent post-surgical pain and daily function remain unclear [2] .
The primary objectives of this study were: (1) to examine patterns in persistent post-surgical pain following anterior thoracotomy and VATS in a sample of lung cancer patients and (2) to quantitatively assess persistent post-surgical pain characteristics and associated sensory changes. However, a limited number of patients undergoing VATS precluding firm conclusions on this surgical approach lead to exclusion of these patients (N = 29) from the final analysis. Hence, only data on patients undergoing anterior thoracotomy will be presented in the following.
MATERIALS AND METHODS

Participants
Patients diagnosed with a malignant neoplasm of the bronchus and the lung (ICD-10; C34.0-C34.9) and undergoing anterior thoracotomy or VATS in the period from 1 January 2000 to 31 December 2009 at the Department of Cardiothoracic and Vascular Surgery, Aarhus University Hospital, Denmark were invited to participate. In May 2010, patients were enrolled according to the following criteria: (1) no additional surgical procedures, including re-operation, thoracic surgery, cardiac surgery, breast cancer surgery, shoulder and spine surgery performed in the thoracic region 10 years prior to and up until the cross section; (2) no explorative surgery; (3) no resection of the thoracic wall and (4) no presence of clinical or radiological signs of disease recurrence at the time of the study. Recurrence of malignancy within the study period was defined as any history and/or clinical and/or radiological signs of relapse of disease registered as part of thoracic, medical or oncological follow-up. Patients who did not attend or had already completed clinical follow-up were considered disease-free. Information on both additional surgery and recurrence was retrieved from participants' electronic MedCom records (MedCom, Rugårdsvej 15, 2, DK-5000 Odense, Denmark). MedCom is a venture between authorities, organizations and private firms linked to the Danish health-care sector. The e-record solution contains data on patients' treatment at Danish hospitals. Information on explorative surgery, resection of the thoracic wall and re-operation was retrieved from the Danish National Lung Cancer Registry, a national clinical database established by the Danish Lung Cancer Group with the main purpose of collecting information on the assessment and treatment of lung cancer in Denmark.
Prior to recruitment of potential study participants, the completion of the study was notified to the Danish Data Protection Agency (File no. 2010-41-4769) and registered in the ClinicalTrials. gov database (ClinicalTrials.gov Identifier: NCT01144845). According to Danish law approval from the Central Denmark Region Committees on Biomedical Research Ethics was not required.
Postoperative pain management
Pain management consisted of continuous epidural infusion of 0.17-0.25% bupivacaine ± morphine 50 µg/ml initiated before surgery and for 72 h postoperatively. Supplementary oral pain management was initiated with paracetamol and ibuprofen on the day of surgery and with opioid analgesics on termination of epidural analgesia.
Recruitment
The recruitment of patients is depicted in Fig. 1 . On 10 May 2010, a study-specific questionnaire was forwarded to each of the identified patients. A unique study identification number was printed on each questionnaire. Recipients declining participation were encouraged to report back. On 24 May 2010, a reminder was sent to non-respondents. Participants returning a questionnaire incomplete or answered ambiguously were contacted by telephone to collect missing and/or correct information. Contact by telephone was attempted up to three times. Incomplete questionnaires from participants stating they did not wish to be contacted again and from participants unreachable by telephone were registered as they were. The study was closed on 7 June 2010.
Assessment
Study questionnaire. A study-specific questionnaire investigated the presence of persistent post-surgical pain related to previous thoracic surgery. The questionnaire consisted of 18 straightforward questions, including the Danish translation of the validated Brief Pain Inventory (BPI) [5] . The BPI is a multidimensional psychometrically sound measure of persistent pain features, including pain severity, impact of pain on daily function, location of pain, pain medication and amount of pain relief in the past week [5] . Using the BPI, respondents report the highest and lowest pain intensity level during the past week, average pain intensity and current pain intensity on four individual 11-point numerical rating scales (NRSs) with the verbal anchors 'no pain' and 'worst pain imaginable'. In addition, the BPI uses an 11-point NRS with the verbal anchors 'does not interfere' and 'completely interferes' for rating pain interference in various aspects of daily life, including 'general activity', 'walking ability', 'normal work', 'mood', 'enjoyment of life', 'relations with others' and 'sleep' [5] . The presence of certain pain-associated characteristics and symptoms was assessed by means of a Danish translation of the two questions (seven items) regarding characteristics ('burning', 'painful cold' and 'electric shocks') and symptoms ('tingling', 'pins and needles', 'numbness' and 'itching') of pain from the Neuropathic Pain Diagnostic Questionnaire (DN4) [6] . Additional questions assessed sensory changes in the painful area, duration, onset and course of pain.
Quantitative variables
A priori, it was decided to divide the primary study group according to gender into cohorts (6 months) according to the time since surgery and in 10-year interval age groups (≤59, 60-69, 70-79 and ≥80 years) in order to conduct in-depth analysis of the patterns of persistent post-surgical pain. On the basis of commonly used values, average BPI pain intensities (0-10) were grouped and considered mild if the score was <4, moderate if ≥4-7 and severe if ≥7. On the basis of previous studies [7] , average pain was chosen as the main pain intensity criterion, as this item was considered a measure of the participant's subjective average experience of pain. Every positively responded pain descriptor item was given a score of 1, and the sum of the seven items was regarded the total score (0-7). Participants with a total score ≥3 were considered to have a neuropathic pain component associated with their pain [8] . Finally, a composite of the four BPI pain items (a mean severity score) and a composite of the seven BPI interference items (a mean interference score) were calculated as supplementary information.
Statistical methods
The proportion of respondents with missing data was very small. Hence, no data imputation was performed and statistical analyses were restricted to individuals with complete data on all variables required for a particular analysis (complete-case analysis). Complete-case analysis is not considered bias-prone unless the proportion with missing data is high, approximately >5% of participants [9] .
Continuous normally distributed data are presented with mean ± standard deviation (SD) while continuous non-normally distributed data are presented with the median and interquartile ranges (IQR). Numerical data were analysed depending on the distribution using unpaired t-test (normal distribution) or Wilcoxon rank-sum (Mann-Whitney) test (non-normal distribution). Categorical data were analysed using Fisher's exact test. Spearman's rank correlation analysis was used to describe relationships between two ranked variables when the relationship was not linear and/or the variables were not normally distributed. All statistical analyses were performed in Stata/IC 11.1 for Windows (64-bit x86-64) (StataCorp LP, College Station, TX, USA). P-values <0.05 were considered statistically significant.
RESULTS
Participants
The data extraction process identified the source population as 1753 former patients, of whom 1047 patients (59.7%) were deceased, leaving 706 patients (40.3%) eligible for primary inclusion (Fig. 1) . Four patients were excluded a priori due to wrong coding. Of the 702 former patients contacted, 626 (89%) filled in and returned the questionnaire. The main reasons for nonparticipation were: non-response (50 patients did not reply), refusal (n = 11), death during the study period (n = 7), inability to respond due to dementia or terminal illness (n = 5) and finally emigration (n = 3). A total of 212 of the 626 respondents (34%) were excluded from the final analysis. Table 1 shows characteristics of respondents, non-respondents and excluded respondents.
The final study population consisted of 414 participants; 208 males (50.2%) and 206 females (49.8%). The median age at study was 69 years (range: 35-93 years). The median age at study of males was 71 years (IQR: 63-77 years), whereas the median age of women was 68 years (IQR: 61-75 years). The median followup time was 45 months (range: 5-122 months). Table 2 shows characteristics of study participants with and without persistent post-surgical pain. Participants reporting pain were younger than pain-free participants. There was a statistically significant difference between the underlying distribution of both the age at operation and age at study of the participants reporting pain and of the pain-free participants (Wilcoxon rank-sum tests; z = 4.45, P < 0.001 and z = 4.84, P < 0.001, respectively).
Outcome data
Prevalence of persistent post-surgical pain
Of the 414 respondents, 77 reported persistent post-surgical pain due to previous anterior thoracotomy, corresponding to an overall persistent post-surgical pain prevalence of 18.6% (95% CI: 15.0-22.7%). The prevalence of persistent post-surgical pain remained stable with time since surgery, however, 6-month period prevalence ranged from 6.3% (95% CI: 1.6-30.2%) to 33.3% (95% CI: 9.9-65.1%) (Fig. 2) . Persistent post-surgical pain prevalence was estimated to 20.4% (95% CI: 15.1-26.5%) in females and to 16.8% (95% CI: 12.0-22.6%) in males (Fisher's exact test, P = 0.38) ( Table 3 ). There was a statistically significant relationship between persistent post-surgical pain and age group (Fisher's exact test, P < 0.001). Thus, the highest prevalence of persistent post-surgical pain of 31.6% (95% CI: 21.6-43.1%) was observed in participants below 59 years of age. The prevalence of moderate to severe persistent post-surgical pain was 8.7% (95% CI: 6.1-11.8%). 
Characteristics of persistent post-surgical pain
Characteristics of persistent post-surgical pain are shown in Table 4 . Most often participants reported a gradual transition from acute to chronic pain. However, pain did not emerge immediately after surgery in 20% of the participants. Pain was most frequently experienced as pain attacks with pain-free intervals; predominately located along or above the surgical incision (Fig. 3) . However, pain also expanded into other areas of the chest wall, including the costo-vertebral and costo-sternal regions. In addition, pain was also present in the scapular region, primarily on the right side of the thorax.
Pain intensity. Forty participants (53%) with persistent post-surgical pain experienced mild pain, 39.5% (n = 30) reported moderate pain and 7.9% (n = 6) reported severe pain. A composite of the four BPI pain items (a mean pain severity score) could be calculated for 76 participants (98.7%). Hence, overall mean pain intensity was estimated to 3.3 (95% CI: 2.8-3.7). In addition, there was no statistically significant difference in average pain intensity between males and females (Wilcoxon rank-sum test; z = 1.8, P = 0.07), and no statistically significant relationship between average pain intensity and time since surgery (Spearman's rho = −0.08, P = 0.48), or between average pain intensity and participant age at the time of study (Spearman's rho = 0.17, P = 0.14).
Neuropathic pain characteristics. A total of 38% of the participants reporting persistent post-surgical pain described pain as 'burning', 11% as 'painful cold' and finally 37% used the sensory descriptor 'electrical shocks'. The abnormal sensations 'tingling', 'pins and needles', 'numbness' and 'itching' were reported by 23, 59, 47 and 15% of the participants, respectively. A total pain descriptor score could be calculated for 70 participants (90.9%). In total, 26 participants (13 males and 13 females) answered positively to ≥3 out of the 7 pain descriptors and were thus considered to have a neuropathic component associated with their pain, corresponding to a potential neuropathic pain prevalence of 35.7% (95% CI: 24.6-48.1%). Consequently, pain with neuropathic characteristics was equally . There was no statistically significant difference in the underlying distribution of time since surgery of the participants with and without pain with neuropathic characteristics (Wilcoxon rank-sum test; z = −0.78, P = 0.44). However, there was a statistically significant association between the total number of pain descriptors used and the average pain intensity (Spearman's rho = 0.40, P = 0.0008). Hence, a higher median average pain intensity was observed in participants with potential neuropathic pain compared with participants without neuropathic pain characteristics, NRS 5 (IQR: 3-6) vs. NRS 3 (IQR: 2-5), respectively (Wilcoxon rank-sum test; z = −2.54, P = 0.01).
Sensory changes. A total of 62% (n = 48) of the participants with persistent post-surgical pain reported an increased or decreased sense of touch in the painful area (Table 4) . Half of these participants (n = 25) also reported pain evoked by light touch (allodynia). There was no difference between males and females with regard to either sensory changes (Fisher's exact test, P = 0.64) or allodynia (Fisher's exact test, P = 0.16). In addition, average pain intensity did not differ between participants with and without sensory changes (Wilcoxon rank-sum test; z = −0.35, P = 0.73), and there was no statistically significant difference in time since surgery between participants with and without sensory disturbances (Wilcoxon rank-sum test; z = 0.82, P = 0.41) or between participants with and without allodynia (Wilcoxon rank-sum test; z = −0.86, P = 0.39). However, average pain intensity in participants with allodynia was statistically significantly higher than in participants without allodynia, median NRS 5 (IQR: 3-5) vs. median NRS 3 (IQR: 2-5) (Wilcoxon rank-sum test; z = −2.22, P = 0.03). In addition, 16 of the 25 participants reporting allodynia (64%) also reported average pain of moderate to severe intensity. Participants with sensory changes were statistically significantly younger than participants without sensory changes (62 vs. 68 years) with an estimated difference of 6 years (95% CI: 1-10 years). However, there was no statistically significant difference in age between subjects with and without allodynia (unpaired t-test; t = 1.2, P = 0.24).
Medical treatment. Almost half of the participants (n = 33) with persistent post-surgical pain reported use of analgesics due to thoracic surgery (Table 4) ; 64% of these were females (n = 21).
The most frequently used non-opioid analgesic was paracetamol (74%) followed by ibuprofen (26%); the most frequently used opioid analgesic was tramadol (15%). However, use of other opioid analgesics was reported, including morphine (n = 2), ketobemidone (n = 1), oxycodone (n = 1) and codeine (n = 2). In addition, a range of anti-epileptic drugs was also used for pain management, including gabapentin (n = 1), pregabalin (n = 1), carbamazepine (n = 1) and valproic acid (n = 1). More than a quarter of the participants (n = 12) used more than one analgesic agent. The reported amount of pain relief due to medication in the past week was a median of 60% (IQR: 30-70%). Participants also reported of alternative pain-relieving therapies, including physiotherapy, massages, hot water baths, swimming and gymnastics.
Interference of pain with daily functions. Pain interference was measured using the seven BPI pain interference items. The BPI mean interference score could be calculated for 74 participants (96%). Hence, mean pain interference was estimated at 2.7 (95% CI: 2.2-3.2). Of the seven BPI interference items, 'general activity' and 'normal work' were most affected by pain. However, 20% of the participants reported that pain did not interfere with 'general activity', and more than a quarter of the participants reported that pain did not interfere with 'normal work'. Pain interfered least with 'walking ability' and 'relations with others'; more than half of the participants reported no interference with these items. Figure 4 shows the mean pain-related interference on each of the seven interference items by mild, moderate and severe pain intensity. There was a statistically significant association between average pain intensity and each of the interference items (Spearman's rank correlation coefficients ranging from 0.52 and 0.68, all P-values <0.0001). Consequently, 84% of the participants (16/19) with moderate to severe pain-related interference levels were also categorized as having moderate to severe average pain. In general, participants experiencing low to moderate levels of pain reported most interference with the items 'normal work' and 'general activity', whereas participants with severe pain reported most interference with the items 'mood' and 'sleep'. There was no statistically significant difference in pain's interference with any of the seven daily functions between males and females (Wilcoxon rank-sum tests; all P-values >0.05). Likewise, there was no statistically significant relationship between any of the seven BPI interference items and any of the following variables: (1) time since surgery, (2) respondent's age at time of surgery and (3) respondent's age at the time of study (Spearman's rank correlation coefficients ranging from 0.05 to 0.17, all P-values >0.05).
DISCUSSION
Key results
This large single-centre study with a high response rate showed that 19% (95% CI: 15-23%) of the patients undergoing anterior thoracotomy for lung cancer experienced persistent post-surgical pain. Overall mean pain intensity was estimated at 3.3 (95% CI: 2.8-3.7). Accordingly, clinically relevant pain with significant impact on functioning was present in 8.7% (95% CI: 6.1-11.8%) and pain with neuropathic characteristics was present in 36% (95% CI: 25-48%) of the participants.
Possible mechanisms and explanations
Intercostal nerve damage. Our results estimated persistent post-surgical pain prevalence following thoracic surgery for lung cancer to be among the lowest compared with results previously reported in the literature [2] . On the basis of the pain drawings in our study, it is impossible to differentiate between scar pain presenting with trigger points rather than diffuse pain in the entire scar or actual neural degeneration, axonal sprouting and formation of localized neuromata caused by damage to the intercostal nerves [10] . However, our finding of the prevalence of a neuropathic pain component of 35.7% (95% CI: 24.6-48.1%) corroborates findings in previous studies [11, 12] . Maguire et al. [11] found the prevalence of each neuropathic symptom from the Leeds Assessment of Neuropathic Symptoms and Signs Pain Scale to be between 35 and 83%, and Steegers et al. [12] showed that, in patients with chronic pain after thoracic surgery, a neuropathic component was definitely present in 23%, possibly present in 30% and definitely not present in 47% using the PainDETECT Questionnaire. In agreement with our finding, both Maguire et al. [11] and Steegers et al. [12] found that patients with neuropathic pain had more severe pain than patients with non-neuropathic pain.
The surgery-related factors considered to be associated with an increased risk of developing chronic postoperative pain include duration of surgery, open vs. endoscopic surgery, pericostal vs. intracostal suturing and intraoperative nerve damage [13] . Thus, intraoperative impairment of the intercostal nerves, including stretching, transection of their cutaneous branches, and trauma produced by muscle resection and rib retractors, has long been considered the main factor of postoperative neuropathic pain in thoracic surgery [14] . With regard to specific neurophysiological studies on the role of nerve damage as the cause of persistent pain in thoracotomy, Benedetti et al. [15] found evidence of nerve damage in both acute and chronic pain following posterolateral thoracotomy. Moreover, anterior thoracotomy was less likely to cause nerve dysfunction and subsequent post-thoracotomy pain compared with the posterolateral approach [16] . In addition, Rogers et al. [17] found a total conduction block in the intercostal nerve above the surgical incision upon completion of rib spreading in all patients undergoing posterolateral thoracotomy. However, neurophysiological tests performed before wound closure, at 6 weeks and at 3 months following posterolateral thoracotomy found no association between nerve injury at the time of surgery, chronic pain or altered sensation at 3-month follow-up [18] .
Surgical approach and epidural analgesia. The low prevalence of persistent post-surgical pain in our study may partly be explained by our anterior surgical approach where potential damage to the intercostal nerve caused by rib spreading is limited to the most peripheral part of the nerve. Furthermore, anterior rib spreading is believed to reduce the risk of rib fracture and to prevent shoulder pain as described by Nomori et al. [4, 19] . Previous clinical studies have found anterior thoracotomy superior to posterolateral thoracotomy in reducing both short-and long-term postoperative pain [4, 16, 20] . However, no firm conclusion on the causality between surgical approach, intraoperative nerve injury and chronic post-thoracotomy pain has been established, suggesting a more complicated aetiology for neuropathic post-thoracotomy pain than solely intercostal nerve damage. Moreover, previous prevalence studies of chronic pain have used a variety of pain management protocols with a significant impact on the reported prevalence [2, 21] . It has been suggested that effective regional analgesia significantly reduces the incidence of chronic pain after thoracotomy. Hence, the uniform use of continuous epidural analgesia initiated before surgery in our study may have impacted our results. However, it still remains unclear whether a clinically meaningful reduction in the intensity or duration of postoperative pain can be achieved by pre-emptive and preventive analgesia regimens [10] .
Disease recurrence and other potential sources of pain.
Our study excluded patients with clinical or radiological signs of recurrence of malignancy around the time of study as local tumour recurrence is considered a common reason for post-surgical chronic pain and therefore must be ruled out as a cause for any persistent pain [22] . Hence, Keller et al. [23] found that 80% of the patients reporting recurrent post-thoracotomy pain all had tumour recurrence. In fact, 14% of our source population showed proof of recurrence leading to exclusion. Moreover, we excluded explorative surgical procedures, resection of the thoracic wall, multiple surgical procedures, including re-operations otherwise introducing potential bias resulting in an overestimation of the true persistent pain prevalence due to anterior thoracotomy. In fact, persistent post-surgical pain prevalence was estimated at 29% among the excluded participants (data not shown). Only a few studies have managed to exclude patients having undergone thoracic surgical procedures previously [3, 11] . However, none of these studies managed to exclude subsequent operations in the thoracic region. To our knowledge, our study is the first to systematically screen the source population for additional information on both previous and subsequent surgical procedures performed within the thoracic region.
Gender and age. The tendency, though not statistically significant, towards a higher persistent post-surgical pain prevalence in females than in males in our study adds to the evidence of an increased risk of postoperative pain chronification among females [10] . In a cross-sectional questionnaire study of chronic post-thoracotomy pain, Wildgaard et al. [3] found that women experienced pain more frequently than men. In addition, Ochroch et al. [24] found that women reported more pain than men throughout hospitalization and 48 weeks after discharge following major thoracotomy.
The risk of post-surgical chronic pain is considered lower among older patients compared with younger patients; however, age-related patterns in the incidence of acute and chronic post-surgical pain are controversial [10] . Our finding of a high prevalence of persistent post-surgical pain of 31% estimated in participants below 59 years of age is in accordance with previous studies. Wildgaard et al. [3] found that patients below 67 years more frequently reported post-thoracotomy pain than older patients. Moreover, by using multivariate logistic regression analysis adjusted for age, body mass index, sex, surgeon, time since the operation, diagnosis and surgical approach, Maguire et al. [11] found that for every year increase in age the likelihood of pain decreased by 2%. However, Kristensen et al. [25] , in a study of 88 patients undergoing thoracotomy in childhood or youth, found a chronic post-thoracotomy pain prevalence of only 3.4%, suggesting that the prevalence of chronic pain after thoracotomy is lower if surgery is performed before adulthood. Increased persistent post-surgical pain prevalence estimates in younger patients remain unknown, but could partly be explained by a potentially increased activity level causing pain more frequently in this age group. Although age was not statistically significantly negatively associated with neither average pain intensity nor any of the BPI interference items in our study, suggesting that pain intensity levels were equal across age groups and that no signs of changes in the impact of pain on daily functions with age was present in our cohort.
Limitations
A limitation of our study is the cross-sectional design, providing only a single persistent post-surgical pain prevalence estimate, 5 months to 10 years following primary surgical intervention. Hence, we are unaware of a potential development in persistent post-surgical pain with time from surgery. Presence of pain, pain intensity, sensory changes and pain's interference with function may change over a period of time introducing potential bias of the results. We found no evidence of a difference in persistent post-surgical pain prevalence with the time from surgery to questionnaire response. Moreover, there was no statistically significant relationship between time elapsed since surgery and average pain intensity nor pain's interference with function. Another limitation are the non-respondents and deceased patients as they may have experienced pain differently compared with patients included in this study. If these patients experienced pain more frequently and/or more severely than the study participants, our estimates are too low and vice versa.
We recognize that the DN4 questions have not been validated for use in our questionnaire. This might be reflected in the larger number of missing values in these specific items compared with the others. Sensitivity analyses, assuming scenarios where a neuropathic pain component presented in none or all of the seven participants with pain descriptor item nonresponse, estimated adjusted neuropathic pain prevalence at 23.4 and 41.6%, respectively. As neuropathic pain is a syndrome, a composite of symptoms and signs shared by a series of different aetiologies and caused by multiple mechanisms, presence of neuropathic pain following thoracic surgery does not provide direct information on underlying mechanisms of nerve damage. To correctly identify the neuropathic characteristics of persistent post-surgical pain in the future, verbal descriptors must be supplemented by an objective neurophysiological examination, as previously suggested [2] . However, our results on persistent postsurgical pain with neuropathic characteristics call for future studies to shed light on the role of intraoperative nerve damage and the potentially protective role of anterior thoracotomy. Thoracic surgery offers a unique opportunity for identifying factors contributing to a specific pain state. Preoperative and perioperative monitoring of nerve and sensory function in patients undergoing thoracotomy combined with postoperative recordings of pain and sensory function will hopefully allow determination of the relationship between the magnitude of nerve damage and postoperative pain.
In summary, in our single-centre setting using the same surgical and anaesthesiological guidelines, persistent post-surgical pain was prevalent in 19% of lung cancer patients undergoing anterior thoracotomy. Clinically significant persistent postsurgical pain with a significant impact on daily function was present in 9% of them. The variation in findings on the prevalence of persistent post-surgical pain between studies can be attributed to several factors, including patient selection, pain measurement instruments, method of assessment and follow-up. However, evidence suggests that lung cancer patients may experience persistent post-surgical pain up to 10 years postoperatively. Future preventive strategies should focus on the role of intraoperative nerve damage, including the potentially protective role of anterior thoracotomy combined with neurophysiological assessments before, during and after surgery.
